
ACR No. L5HUa 

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 

ORIGINALLY ISSUED 
October 1945 a~ 

-eport L5ma 

FLIGEF I I W B T I G U I O N  OF B0TJKDARY-m AlvD PR0FII;E- 

IZRAG cHARAcTERIs!FXCS m mom WING 

~ I O I O S  OF A P-47D A E P U l U 3  

By John A. Zalovclk 

Langley Memorial Aeronautical Laboratory 
Langley Field, Va.  

N 
WASHINGTON 

NACA WARTIME REPORTS are  reprints of papersoriginally issued to provide rapid distribution of 
advance research results to an authorized group requiring them for the war effort. They were pre- 
viously held under a security status but are  now unclassified. Some of these reports were not tech- 
nically edited. All have been reproduced without change in order to expedite general distribution. 



IF I 

i 

' 9 -  

J 

SECTIONS 07 A P-4.7G AIi?PLAl\?E 

Ey John A. Zalovcik 

A f l i g h t  irLL-estigatlon was maqe o f  boun"ary-layer 
and p r o f i l e - d r a g  c h a r h c t e r i s t i c s  o f  smooth wing s e c t i o n s  
o f  a P - 4 7 ~  a i r p l m e .  
s tat i cns OE the  wing : 5owdar;T- l a  y e  s? me as ii.re;ne p-t s we r e  
nad.? 011 the upper s w f a c e  of the l e f t  wing i n  the s l i p -  
s t - ~ e r m  at  25 2erce:it sernispan; 7ress i : re -d is t r ibu t  ion 
a e m u r e x e n t s  wcre 1nsd.e o n  t h e  u p e -  su r face  of  tk? l e f t  
wi iw a t  63 yercent  semispar,; and wake surveys were :)lade 
a t  Z3 gercer, t  semis3cn of t h e  rirht wing. 
wera riade i n  s t r a i g h t  f l i g k t  axi i n  t w n s  over a range 
of cond i t ions  I n  wiii-ch a i r p l a n e  l i f t  c o e f f i c i e n t s  
f r o n  0.15 t o  o , ~ E ,  3e)xclds  n ixhers  f r o 2  7.7 x I& 
t o  13.7 X 1G5, and IIach nunbers from G.25 t o  0.69 were 
obta ined .  

Measurments wsre made a t  tlirae 

z l e  t e s t s  

The r e s u l t s  of t3e lnves t iga tScn  i n d i c a t e d  a 
m i n i n m  p r o f i l e - d r a g  c o e f f i c i e n t  of 0.0062 f c r  the smooth 
s e c t i o n  a t  63 percent  s3::iispm. 
nuraber a t t a i n e d  i n  the t e s t s ,  the c r i t i c , a l  h c h  number 
was exceeded by a t  l e a s t  G.Ok s i t h  no  evldence cf con- 
p r e s s i b i l i t y  shock losses appearing i n  the form of  
increased  width of' the  wake o r  increasad  p r o f i l e - d r a g  
coe l f ' i c i en t  . 
c r i t i c a l  T.iach nwnbep, va r f z t ions  i n  EIach n-mber o f  as 
muck as 0.17 appeared t o  have no e f f e c t  cn t:~: p r o f i l e -  
d rag  c o e f f i c i e n t .  

A t  the  h i g h e s t  BYach 

F'or f l i g h t  condi t ions  approaching the  

In the  s l i p s t r e a c ,  t r a n s i t i o n  occurred a t  l e a s t  as 
f a r  back as 20 percent  chord on tho cpperl sur race  a t  low 
lift c o e f f i c i e n t s .  Ibr& 1 r 
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sect,  icn chord  

distance nloni; chcrd f ' ron l ead ing  edg3 

d i s t a n c e  along su r f sce  froin l e d i n &  edge 

d e f l e c t i ~ i z  of r:urvatilre gsge 

d i s t a n c e  above SVJ??:ICP~, PositTion i n  wa'ce 

f r s e - s t r e a m  t o t a l  p r e s s w e  

t o  tal prc.ssure i n  boiindary layer 
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l o s s  o f  t o t a l  p ressure  i n  wake 

f r e e - s t r e m  s t a t i c  pressure  

l o c a l  s t a t i c  pressure  

f r e e - s t r e m  impact p r e s s w e  (11, - Po) 
\ 

($OV2) 
f r e e  - s  tream dynamic pressure 

abso lu te  temperature i n  boundary l a y e r  

absolu te  Lemparature jus C, 0utsid.e Soundary l a y e r  

v e l o c i t y  i n  bo-undarg l a p r  

v e l o c i t y  i n  bourldary layer neap su r face  

v e l o c i t y  .'us t outsic?e bo-mdarp l a y e r  

pressure  c o e f f i c i e n t  

c r i t i c a l  p ressure  c o e f f i c i e n t ,  corresponding t o  
(" .,p.i 

l o c a l  v e l o c i t y  o f  sourid 

a i r p l a n e  l i f t  c o e f f i c i e n t  

sec  ti on prof i le-C.r ag coe.ff i c  i e n t  

a i l e r o n  d e f l e c t i o n ,  negat ive f o r  up d e f l e c t i o n  

c a l  tbi-atad a i r s p e d  ( a i r s2eed  r e l a t e d  t o  
dii ' f3rentla. l  p ressure  b y  accepted stamlard 
a e i a b a t i c  formula lixsed i n  c a l i b r a t i o n  of 
d i f f e r e n t i a l - p r e s s u r e  i n d i c a t o r s  and equal  t o  
t r u e  a i r speed  f o r  st.ardard sea- le  vel conditioris ) 

t r u a  a i r speed  

Reynolds number 

f r e e  - s tr  e am Xach nim3 e r  

Pvlacli number i n  3oundary  l a y e r  



c r i t i c a l .  Ysch wm,k.;r c r  ET 

G ucze le ra t lon  of' gfavit:, 

fr e t? - s tr e m, dens i ty 
P O  

Si13 s c r  i p  t s : 

me ~ - ! : 7 3  airp1ax.e i s  a low-wine, s i n g l e  -engine 
:r.onoplarie with ii p r a t t  2- ;iirhitney 5-2.390-21 e r i i n e  and 
a four -b lsde  Cxr5lss e l e c t r i c  p r o p e l l 8 r  ( f i g .  1). 
a i r p l a n e  1i:zas a gross  weight of about 12,000 ~ G Z C ~ C S ,  a 
wing span of !+l f e e t ,  a n d  a wtng area of 5 0 0  square f e e t .  
The wing inccrporp.tes 2epubl lc  S - j  a i r f c i l  sec tLons ,  
which h.ave press i -we-d is t r ibu t ion  c h a r a c t e r i s t i c s  s i rn i la r  
t o  t5.003e of Lhe ;7iiCA 2 3 0 - s e r i e s  s e c t i o n s .  

tke r i&t  wing m d  one on the l e f t  wLng l o c a t e d  63 per-  
c e z t  senispnn f-on the plane o f  symmet ry ,  
outboard of !;he f l a p  ( s o c t i o n  with a i l e r o n ) ;  and one on 
t h e  left wing l o c a t e d  2:, percen t  sernispbn from t h e  plxi-ie 
of syimetry,  cr a'bcut i f o o t  wfchin the  edge cf t h e  pro- 
p e l l e r  d i s k .  Lach of t k e  outSoarc! s e c t i o n s  had a chord 
o f  T*?Ly feet.and a m a ; i i m u T  t h i c b l e s s  of  11 percent  chord. 
The inboard s e c t i o n  i n  the s l i p s t r e a m  had. a chord of' 
3.73 f e e t  and a maxirnur, t h i ckness  cf 1L.6 percen t  chord. 
A pho.'l;ograph o f  the t e s t  s e c t i o n  on t h e  ri.;!i.-L wing i s  
shcwn as  f i p r e  2. 

The 

~ 

Three wiag s e c t i o n s  w3re tas ted.  ( f i g .  1) :  one on 

o r  about 2 f e e t  

Tne upper  sur faces  o f  tia s e c t i o n s  01'1 &e l e f t  wing 
aild. tIie upper and lcive? s u r f a c e s  of the s e c t i o n  on the 
i-Y%t 5! wLng were f a i r ed  by  f i l l iw v i i t h  glazing p u t t y  
an& tael i  sanding smooth t o  reduco the  su r face  waviness. 

s i r f a . ces  were t?ien sprayed ;, ith several c c a t s  of 
white  lacquer-based p a i n t  for a p r o t e c t i v e  coati i 'g and 
sunded l igh t l ; ;  i n  a chordwise d i r e c t i o n  with No. 320 
carbcrundun p p r .  

l egs  s?aced 4 percent  a,f the wing s e - g t i o n  chord. 

An i r , d i ca t lon  o f  surface waviness 

The 
obtain3d b y  means cl' a cu rva tu re  gage ( f i g .  3 )  w i t h  

I 
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waviness cond i t ion  of the f a i r e d  s u r f a c e s  is i n d i c a t e d  
i n  f i g u r e  4 by  the p l o t  o f  the waviness index 
a g a i n s t  s/c. 

d/c 

Boundary-layer racks ,  each consis  t in& of one s t a t i c -  
pressure  tube and e i t h e r  one o r  f i v e  t o t a l - p r e s s w e  tubes  
( f i g .  5), were used t o  determine boundary-layer charac- 
t e r i s t i c s .  The tubes were made of --inch b r a s s  tub ing  with 

a --inch w a l l  th ickness .  The upstream end o f  t he  t o t a l -  

p ressure  tube was f i l e d  and f l a t t e n e d  ao a s  t o  leave an 
1 opening 0.003 inch deep and i nch  wide and to  have a 

0.003-inch wal l  th ickness .  The s t a t i c - p r e s s u r e  tube had 
six o r i f i c e s  0.02 inch i n  diameter e q u a l l y  spaced around 
the pe r iphe ry  a t  1- inches downstream from the hemispherical 

end. Each to t a l -p re s su re  tube o f  a rack was connected to 
an EACA r eco rd ing  mul t ip le  manometer and re ferenced  t o  
the s t a t i c  pressure  obtained f rom the s t a t i c - p r e s s u r e  
tube s e t  about 1/4 inch from the su r face .  With t h i s  
arrangement, the impact pressure was measured a t  var ious  
d i s t a n c e s  above the sur face  when the s ix- tube  rack was 
used and near  the su r face  when the two-tube rack was 
used. The s t a t i c  pressure  measured by  the s t a t i c - p r e s s u r e  
tube was re ferenced  t o  the s t a t i c  pressure  obtained by 
means of an a i r speed  head mounted on a boom 1 chord ahead 
o f  the lead ing  edge c f  the r i g h t  wing; t i p  ( f i g .  1). 

1 
8 1 

32 

8 

1 
4 

Surveys of the wake o f  the r i g h t  wing s e c t i o n  were 
made by  means of the rake shown i n  f i g w e  6 mounted 19 per- 
cen t  chord behind the  t r a i l i n g  edge. The rake cons i s t ed  
of 24 t o t a l - p r e s s u r e  tubes spaced 0.3 inch and 5 s t a t i c -  
p re s su re  tubes spaced equa l ly  across  the rake .  The t o t a l -  
p re s su re  tubes were connected t o  an NACA r eco rd ing  
m u l t i p l e  manometer and re ferenced  t o  f ree-s t ream t o t a l  
p re s su re  i n  order  t h a t  the to t a l -p re s su re  loss a t  each 
p o i n t  i n  the  wake uould be obtained. 'The s t a t i c  pressure  
i n  the wake was measured with the  th ree  c e n t r a l  s t a t i c -  
p re s su re  tubes,  each of which was connected t o  the 
manometer, and referenced t o  t he  s t a t i c  pressure  measured 
by means o f  the a i r speed  head on the boom a t  the r i g h t  
wing t i p .  r;Jool t u f t s  were loca ted  on the upper s u r f a c e  
near  the  t r a i l i n g - e d g e  region about 2 f e e t  on each s i d e  
o f  the c e n t e r  l i n e  of the s e c t i o n  a t  63 percent  semispan 
t o  determine whether any  c ross  f l o w  e x i s t e d  t h a t  would 
i n v a l i d a t e  the wake surveys.  
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R l i  preusurcs ,  a i l e r o n  p o s i t t o n s ,  and norna l  acce le ra -  
t i o n s  iiere mcasmed b y  RzqCA r eco rd ing  instrl .ments.  
ind.icating acceleromster  was F rov ieed  Tor tiie p i l o t  . An 

ME TI!@ D 

In orde? t o  o b t a i n  f'rt3e-stream, s t a t i c  pressure ,  
c o r r e c t i o n s  le t s rz i ined  from an a i rspeed  c a l i S r a t i o n  
were made t o  the s t a t i c  pressure  measured by the a i r -  
speed head rnovnted on zY:e boom .ahead of the right wing 
t i p .  
for which r e fe rence  t o  f r e e - s t r a a x  s t a t i c  pressure  was 
requi red .  

from the 'Go~ .u i~ . a rg r - l i :~~~r  measvrementz b~ I I S ~  of the 
cornpre 3s i b l e  -r'l ow r e  la t ior ,  

These co r rec t ions  were appl ied  t o  all measurements 

3oundary-iayer veloci  t;? po i " . l l e s  were determined 

or, t o  a f i r s t - o r d a r  approxina t ion ,  

"I, u=-..- 
u !,!I6 

T?ie a i r9 l ane  lift c E f f i c i e n t  a t  whicl-. t r a n s i t i o n  
occurred a t  a given chordwisg pos i Lion was de$er?ni:led 
from a nlot cf' the r a t i o  ul/TJ a g a i n s t  d r p l a n e  l i f t  
m e f f i c l e n t  . The lii't c o e f f i c i e n t  corresponding to  
t r m s i t i o n  was ci,osen a t  t he  elbow o f  t k e  curve as the  
r a t t o  u:/U suddenly increased  from i t s  laniin&r l e v e l  
t o  i t s  t u rbu len t  19vel .  

i f i t egra t ing  method of r e f e r e n c e  2 ;  $ha t  i s ,  the total- 
p r e s s u r o  l o s s  was i n t e g r a t e d  across  the wake and then 

The yrofi l -e-draz c o e f f i c i e n i s  were deterxiiced by the  

c 
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multi.plied. by  f a c t o r s  ctzymding on free-s t ream inpac t  
prSssure ,  maxinun to t a l -mess l i r e  loss, s t z t i c  p e s s u r e  
i n  the Jvd-e, and f l i g h t  Elach number. 

Fovndnry-la:;er mcas iwcrents  iL:3Pe ~. .adc k o t h  i v i i k  the  
two- wbe  and tne six- mbe b o u n e s r y - l q e r  racks orL tile 
upper swf;,ce of t h e  ir,boarc? s s c t i o n  behinc? t ! h _ o  p r c p e l l e r  
GR the l a f t  wing. IJehsurerronts of  SCztin, Fyesszre mcl 
of  i y p a c t  pressure  next  t o  tk,o s u f a c e  for tk.2 Get3r- 
minati.cn o f  t r a n s i t i o n  were m d e  w i t h  tmo-i,u3e ~ a c k s  
a t  5, ;O, 15,  20, am?. 25 qercant  chord. V e a s E e m n t s  
oi vel o c i q r  d i s k r i b d t l o n  throuzh t h g  bouqdary l s y e r  were 
made x i t h  >he six-tube racks  a t  15 zind 20 Fercent  chord. 

The t e s t s  were m d e  in straiLSh_t fligit ( l a v e 1  flight 
and sk..allo\; d i v a s )  at altri.t7Ldes of 12,GC;Q arid 2f&,CC!cj i ' ee t  
over a range of irxiicnted a i r s p e a s  from 155 t o  330 miles  
pe r  hour.  9,e aix-iplane l i f t  coe f f i cTen t s  oktsii led i n  
the32 t a s t s  ranged f r y m  0.15 t o  0.63; t:ie 3eynoi.ds 
nwr.ber, from 7.7 x lo3 to 19.2 X lo6; arld the X;lach 
nuxber, from 0.25 to 0.69. Tests  were d s o  mads i n  
t w n s  a t  an a l t i t - u d . e  o f  12 ,OOC;  feet at i n d i c r t e d  k i r sgeeds  
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Pressure d i s t r f S u t i o n  and c r i t i c a l  N a ~ h  n1xnber.- 
__._c_- -I_-.--- -----.-..--.- 

Sone r ep r s  sen tat .I va s t, a t  i c-pre 3 si;+rs (X s 3 3 b u t . i  oris over  
p a r t  o f  tke u??er s u r f a c s  of' the  l e f t  wing s e c t i o n s  
a t  23 ria 65 psrcent  senispar,  &?e shmm in f ' ipnre 7. 
The c r i t . f c a 1  Maski nwnber/s of the t w o  wing sect lor is ,  as 
d e t e m f n e d  by t he  von P t i r d n  mr:thoC! ( r e f e r c n c e  3 )  f r o i n  
p re  s sure  -di s t r i Su t i o n  r . 2  as  ure  m n  t s at subc2L-t - I c a1 sg e6 d s , 

- 7  L \/ 1 - L ,2p 
r ep resen t s  t k - e  l i f t  c o e f f i c i e n t  t h t .  v;.oul4 be, obtained 

t h e  angle of at tzck cormspondinp. t o  CL. The rl;-Fs;.it 
Xach number and tk.e d e f l e c t i o n  !of t h e  l e f t  a i l e r o r ,  a.re 
F l o t t e d  absve tke  cui"ves of c r P t i c a l  ?."a.ch ~ . v . x b e - ~ .  

Ke.ch. nuniiDey varied &;>proxi.yLtelv I f n e a r l y  f r o ,  9.66 a t  a 
lift c c e f f i c i a n t  Gf 0 . 1 ~  t o  ~ , s f i .  a t  n l i f t  c o e f r z c i e n t  
of 0 . 8 ~ ;  for t>e s e c t i o n  a t  25 percent  seniiaFa:I, the 
var:iatioii of c r i t i c a l  hl~ch number o v e r  thc s a m  range 
of  l i f t  c o e f f i c i e c t s  was f r o m  0.63  t o  G.!!.;?. A l t k i o u g h  the  
e va luet, f on of: c r i  t i  c B 1 Ka!: h nuybe r i i-! v c" 1 ve ,:I e xt FELT) o 18 t I on 
by t k  von Farmsn met!-.od of s t a t i c - p s F s u r e  data obta ined  
a t  f l i g h t  Xr.ch nc-rberc: ranz ing  fro?. 0.02 t o  0 .30  below 
the  c r i t i c a l  \?s lue,  t h e  results viere iri  g?od asreemsfit f o r  
the ec t i . r e  range of  the  ext,rapo:z.ticn. T'ne exter i t  o f  t h e  
e x t r a p o l a t i o n  a t  vari_rus l i f t  c c e f f i c i e n t s  rnay be det,er-  
mined by c o q x r L n g  t h e  f l i g h t  Nacb numbers 8.t which the 
p r e  s sure - di s t ri but i o n  r e  a sur e m  n t s we r e  TI ace VJ i t h t ne 
cr i t3 .ca l  Yach nuvbers. (See f i g ,  8 . )  

t h e  criI t i c a l  Xach nixnbers as determined from m a s u r e a e n t s  
with- s t s t i c -p r3ssu r s  tubes similar t o  those  - u s e d  in - tho '  
present  i n v e s t i g a t f o n  r a y  be a s  rr\:;cch as 9.21 hlckier 1;kian 
would be o1:)'Lained. f ron :  nieas1:re:nents r d t k  o r i f i c e s  f l u s h  
wfth the  wing s-wf'act?. 

if the Xash nun'oer were -increased frcm Xo t o  I? 8 t 
7 ;'F T,,. 

For  t h e  s e e t l o n  a t  03 p e r c m t  ser.;is?an, the c r t t i . c a 1  

AccorciirA,g t o  t h e  r e s : i l t s  ;;_=reseatee i n  mferer ice  4, 
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It shmld  be noted t h a t ,  s ince  tbe l e f t  a i l e r o n  was 
6ef leztcd.  a p v a r d  f r o x  1.5" t o  3 . 6 O  2u15fig the  tL:sts 
( f f g ,  E ) ,  che crS t i c a l  Xach nuabers  a t  63 ge rcen t  sexIs?an 
m y  be soinerhat highel- than  the c r i t f c 2 l  Xach nurnbers t h a t  
nc  L:ld Le o b t a i n s d  u i t k  the a i l e r o n  n e u t r a l .  An i n d i c c t i o n  
of trie T a p i t u d r :  o f  t h i s  e 1 f e c t  i s  sl-isn li? rof,:rer.ce 5,  
vkhicn presents t h e  r s s u l t s  c?f t e s t s  o f  e mciel  of'  a vLng 
s e c t i o n  ~ i t k  a t l e r o n  01: a P - ~ I ? s - ~  a i r , ~ l e n e .  (The wing sec- 
t i o n s  o f  t h j s  a i r p l m e  e r e  sirrJ1zlr t o  thonJe of a F-!j.YD a i r -  
q l a n e . )  T i c  r e s u l t s  i n  r e fe rencs  5 showed that, a t  a 
c o n s t m t  a-gle ~ f '  a t t a c k  ii? the r r n s e  o f  t he  f'lj-g$t t e s t s ,  
t he  c r i t i c s 1  Nl;ao,h n u ~ b e r .  was e r  by abo-it  0.015 with 
t h e  a l l e r m  2eflecte . l  idpu8rC! 2" then with the a'leron Peu t r a l .  
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c r i t i c a l  Wach nvibeT', Q e y n ~ l d s  n m b e r ,  c a l i b r a t e d  a i r -  
spsed,  enii Cef1e;tion of '  t he  r igh t .  ai lercln m e  p l o t t e d  
above the n r o f i l s - d r a g  ciirves.  The c r i t i c a l  Xach 
n w b e r  shown i n .  f i g u r e s  12 and 13 i s  t h e t  f o r  the l e f t  
w l ~ g  sec t ion .  Inasnush e s  t h e  risht a i l e r m  was down 
( f i g s .  12 anri 13) wklen the l e f t  aileron was up ( f i g .  8) ,  
the c r i t i c a l  Vach nurnber f o r  thie r i g h t  wi3g s e c t i o n  has 
been es t imated  orz the b a s i s  of the r e s u l t s  of re ference  4 
t o  be o f  the  o r d e r  c.f 0.02 1 - G w e r  than the c r i t i c a l  Mach 
nwcber of '  the l e f t  wing s e c t i o n .  $ .oms r e p r e s e n t a t i v e  
wske F r c f i l e s  obtained i n  s t r a i g h t  f l i g h t  a r e  shown in 
f t g u r c  14.. 

var i ed  from o - . o o ~ ~  a t  e l i f t  c o e f f i c i e n t  o f  0.68 t o  
0.0062 a t  a l i f t  ooe f f?c i en t  cf (1.15 ( f i g .  12). The 
m i  n i  m m  prof i 1 e - dr. ag c ce ff i  c i en  t vi a s o . 00 62 . Wi t h i  n 
t h e  ac3"JU:racy o f  the masurenients , c h a w ?  llig f r o m  l e v e l -  
f l i g h t  po-n:er t o  5l id .es  v;ith E:ng,ines t h r o t t l e d  ap2eared 
t o  have t 3  ef ' fec t  on the p ro f i l e -d rag  c n e f f i c i e n t .  

I n  s t r a l q h t  f l i g h t ,  t h e  p r o f i l $ - d r a g  c o e f f i c i e n t  

Tne i n t e r p r e t a t i o n  of the  r e s i l t s  o f  the p r o f i l s -  
Idrap mezsuyenents i n  t u rns  ( f i g . .  13) i s  coznl ica tyd  by 
t h  f a c t  t h a t  a ci>ac,k developed a t  t"le 1eQdIng eege 
o f  tbe arr7lunitioIY^-co1Tr?artn?ent d->or  (st 11.5 Dercent 
chord)  some tilne ~ L r l A ?  t h z  f1-i~h.i ;  i n  wb-.ich t h e s e  neasure-  
merts were rrade. 'ihs t e n d m c y  toward lower F ro f i l e -d rag  
c o e f f i c i e n t s  f 'cy the f 4 r s t  s s r i e s  r.f t u r n s  tkan  f ' p r  t k i s  
o the r  s e r l e s  i n l l i c a t e d  t ? s t  t'ce c r ack  may hGiT-e devel-apcd 
a f t e r  tlle f i r s t  ~ e r T e . 1  o f  t:ims. A t  l ? f t  \ ; qc f f i c i en t s  
g r e a t e r  t?an @.LO, t :  e Frof i l e -d ray  c o e f f t c i e c t s  i n  
t,urns agreed t i t h  t ' r i s e  cb ts Ined  i n  s t m i g h t  f l i g h t  and 
thereby i ? d i c a t s d  t h a t  trtl,-Ls;tion vas probably forward 
o f  11.5 percent  n_hord a t  these high l f f t  c o e f f i z l e n t s ;  
a t  l i Z t  c o e f f i c i e n t s  193s than O.:cO the  p r o f l l e - d r c g  
c 3 e f f f c f e n t s  f ' o r  t h e  second s l i d  t h i r d  s e r l e s  of tulrns 
were s%?ewhat h ighe r  t h sn  those obta ined  i n  straLgk;t 
f l i g h t .  The ninimim p r o f i l e - d r a g  colsffi c i e n t  f o r  t h e  
second and t h i r d  s e r i e s  of t w n s  was O.CG66. 

For f l y  ght  cond i t ions  approachfng t h e  c r i t i c a l  
Xach nimlber, o v a r i a t i o n  i n  Ysc'? nupber 3 s  ?.apse as 0.17 
( f i E .  12) w t t h  a r e l a t i v e l y  smal l  v w i a t i o n  i n  Eioynolcis 
n , i rb?r  apgeared t o  have no effZ2.t on pi-of i le-drag 
c d c f f i c i e n t .  P s * n i l a r  rt3siilt w s s  o o t a f n e 3  I n  the  t e s t s  
reror te t?  I n  ref2r:nce 6 cn the sarre wlng s2c t ion  wi th  
t r a n s i t i o n  f i r e d  a e s r  t-he l o a d l n c  edgz f p r  snoothe6 and 
r ~ o d e r d t c l y  rocgnened sur f  a=e"  A coao3.r.i s o n  o f  f ' i p l r C S  12 
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L a n g l e y  F i e l d ,  Vs. 
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P r o f t l e  Drag o f  an Exper imenta l  Low-Crag V;in& 
Ins t a l l ec !  on E: Ftphter-Tyc? Airplane.  XACA A:? 
No. L5COEa, 13.!15. 



NACA ACR NO. L 5 H l l a  
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NACA ACR No. L5Hlla Fig. 2 

L 

F i g u r e  2 . -  S m o o t h  t e s t  p a n e l  a t  63  p e r c e n t  s e m i s p a n  on 
r i g h t  w i n g  o f  P-47D a i r p l a n e .  
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NACA ACR No. LSHlla 

"a- h 

Fig. 3 



NACA ACR No. L5Hlla Fig. 4a-c 

( a )  A t  6 3  percent semispan on right  wing. 

(b) A t  63 percent semispan on l e f t  wing. 

( c )  A t  25 percent semispan on l e f t  wing. 

on right and l e f t  wings of P-47D airplane. 
Figure 4.- Surface-waviness index of smooth surfaces of sections 



NACA ACR No. L5Hlla ,Fig. 5a 
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Fig. 5 b  



NACA ACR NO. 

F i g u r e  

L5Hlla F i g .  6 
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6.- Wake- su rvey  rake m o u n t e d  
P - 4 7 D  a i r p l a n e .  

L 
f 

on wing of  



NACA ACR No. L5Hlla 

NATIONAL ADVISORY 
COMMlTTEL FOR AERONAUTICS 

( a )  A t  63 percent semispan. 



Fig. 8a,b NACA ACR N o .  L5Hlla 

( a )  A t  6 3  percent semispan. (b) A t  25 percent semispan. 

Figure 8.- C r i t i c a l  Mach nuqber derived from s u b c r i t i c a l  pressure 
measurements on sec t ions  ,of  l e f t  wing of P-47D airplane. 
Mach number of' presau-re-distribution t e s t s  and de f l ec t ion  of 
l e f t  ai leron are plo t ted  above 

F l ight  

Mcr-curvea. 



N A C A  ACR No. L5Hlla 
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Fig. 9 
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NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 

Figure 9.-  Method of determining l i f t  coef f ic ient ,  Reynolds number, 
and Kach number corresponding t o  transit ion at  a given chord- 
r i s e  position. (Example shown i s  for  15 percent chord. 
Effective-pressure cent.er of  total-pressure tube a t  0.01 in. 
above surf ace. ) 



F i g .  10a,b N A C A  A C R  NO. 
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Fig. 12 NACA ACR N o .  L 5 H l l a  
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Figure 12.- Profile-drag coef f ic ient  of smooth sect ion on right  wing 

of P 4 7 D  airplane an obtained i n  straight  f l i g h t .  
Reynolds number, calibrated airspeed, and deflect ion of right  
aileron are plotted above Cdo-cWve. &.-curve i s  from resul ts  
of left-wing tes ts .  

Mach number, 
I 



N A C A  A C R  N o .  L5Hlla . F i g .  13 
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? 

Figure 1 .- Profile-drag coefficient of  smooth section of right wing 
on p-{'i'D airplane as obtained in  turns. Mach number, Reynolds 
number, calibrated airspeed, and deflection of right aileron are 
plotted above c&,-curves. YCr-curve is from resultr of  l e f t -  
ring teats  . 



Fig. 14 N A C A  ACR No. L S H l l a  
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